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GROUP 12 THIOLATES: SYNTHESES. CHARACTERIZATION AND
DECOMPOSITION PATHWAYS

GERTRUD KRAUTER. VIRGIL L. GOEDKEN. BERNHARD NEUMULLER AND
W. S. REES. JR.*

Department of Chemistry and Matenals Research and Technology Center. The Florida State
University, Tallahassee. FL 32306-3006

ABSTRACT

Zinc- and cadmium histalkvithiolate) compounds have been prepared and converted into the
appropnate binary metal sulfides by thermal treatment. Several mercury chlorothiolates have been
svathesized and characterized by single crystal X-ray diffraction. Their decomposition pathways
are discussed. The prepared binary metal sulfides have been studied bv XRPD and - in selected
cases - by particle size determination. The volatile co-products have been isolated and
charactenized by GC/MS.

BACKGROUND

Group 12 element sulfides show interesting electrical and optical properties. Zinc sulfide is a
piezoelectric matenal. undergoing distortion of the crystallographic tetrahedron upon application of
a shearing stress. Cadmium sulfide is highly photosensitive and is employed widely in
photoconducting cells. The conventional method for the preparation of binary group 12 sulfides
involves the decomposition of two-component mixtures of volatile organometallic precursors,
typically metal alkyls and H2S. Although the use of unimolecular precursors, containing both the
metal and non-metal in one compound, offers obvious advantages compared with multiple source
processing,[1] only a few single source precursors to 12 - 16 electronic materials have been
reported to date.[2-6] Metal thiolates are promising precursors to metal sulfides. as that they are
readily available for many metals [ 7] and may decompose to potentially form metal sulfides upon
heating.[ 10-13]

* address all correspondence to this author at :
School of Chemistry and Biochemistry and School of Materials Science and Engineering, Georgia
Institute of Technology, Atlanta. Georgia 30332-040




We have studied the decomposition pathways of zinc- and cadmium bistalkylthiolate) compounds
and mercury chlorothiolate and have isolated and characterized the binary metal sulfides
thermolyticaily produced as well as the volaule co-products of the preparaton ot MS.

RESULTS AND DISCUSSION

Zinc- and cadmium Aistalkyl) thiolate compounds are available readily by the reaction of the
appropriate metal acetate with the desired thiol in ethanol (equaton 1).

M(OOCCH21> - n HAO + 2R-SH — M(SR)y + 2 HOOCCHx» )
M=7Zn.Cd: R ={-Pr. 1-Bu. Bz

These compounds decompose when heated to a temperature ot about 200°C. The weight loss

determined by thermogravimetnic analysis corresponds to the formation of metal sulfide (Table I).

Table I. Thermogravimetric analyses ot zinc- and cadmium bis(thiolate) compounds

Compound Weight Residue

Observed Calculated
Zn(Si-Pr)2 46.8% 45.2%
Zn(St-Bu)» 42.4% 10.0%
Cd(Si-Pr)2 55.5% 54.9%
Cd(S¢-Bu)y 49.2% 49.6%
Cd(SBz) 40.5% 40.2%

The decomposition ot zinc- and cadmium bis(thiolate) compounds in the solid state at 250°C
under vacuum affords cubic zinc sulfide (Sphalerite) and hexagonal cadmium sulfide
(Greenockite). Surprisingly, the rather uncommon cubic phase of cadmium sulfide (Hawleyite) is
formed during the decomposition of Cd(SBz)3. The r-butyl derivatives can be converted into metal
sulfides at temperatures as low as 190°C. This was achieved by heating a suspension of Zn(S¢-
Bu) or Cd(Sr-Bu); in boiling decalin. The XRPD pattern of the obtained metal sulfides (Figures
' and 2) resemble those of the metal sulfides obtained by the solid state decomposition.
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Figure 1. XRPD pattern of ZnS obtained by the decomposition of Zn(SrBu)?2 in decalin
(190°C, 3d)
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Figure 2. XRPD pattemn of CdS obtained by the decomposition of Cd(StBu) in decalin
(190°C. 3d)




The size of the tormed metal sulfide pamicies was determined. The zinc sulfide parucles were
found to have an average diameter of 0.74 u (Figure 3). while the cadmium sulfide particles

displaved an average size ot 0.90 p.
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Figure 3. Particle size distribution in ZnS obtained by the decomposition of Zn(StBu)2 in decalin

Mercury chlorothiolate compound can be obtained by the reaction of mercury dichloride and
the appropriate thiol in ethanol (equation 2).

HgCl, + R-SH

EtOH

e e

Cl-Hg-SR + HCI

R = i-Pr. neo-Pent. Bz. -CPhx

()

While the i-Pr-. neo-Pent- and Bz- derivatives have been isolated and characterized by single
crystal X-ray diffraction. the triphenyimethyl derivative is not stable and decomposes in a periode
of minutes to form a black precipitate. The XRPD pattern of the black solid is discussed

elsewhere.[10]

The decomposition atfords crystalline mercury sulfide (Metacinnabar) at room temperature
(equation 3). This is surpnising. considering that usually temperatures of several hundred degrees

are required to obtain crystalline metal sulfides.

triphenvimethylchloride as determined by GC/MS.

HgCl, + Ph;CSH

-HCI

EtOH
————-

"Cl-Hg-SCPh,"

R.T

——=m HgS + Phy,CCl

The co-product of the reaction is

3




Temperatures ot about 200°C ure required to thermalty degrade Cl-Hg-SR (R = i-Pr. 1-Bu.
Bz). Only the benzvi denvative torms the desired mercury sulfide. as determined by XRPD
(Figure 4). while the /-propyi- and r-butyl denvanves decompose to torm mercuryvl) chlonde.
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Figure 4. XRPD pattern of HgS obtained by the decomposition of CIHgSBz (200°C, 2h)

The solid state structures of Cl-Hg-Si-Pr {8,9.12] and Cl-Hg-SBz - TMEDA [9.12] have been
described elsewhere. The neo-pentyl derivative crystallizes from pyridine as a pyndine adduct and
torms a chain-like polymer.

At the present time we attribute the different decomposition behavior ot the benzyl- and
triphenylmethyl compound compared with that of the i-propyl- and neo-pentyl derivative to the
different stability ot the radicals of the alkyl groups present in the prepared compounds.
Apparendy, only compounds containing organic groups which form relatively stable radicals form
the desired mercury sulfide.

SUMMARY

Zinc- and cadmium bistalkylthiolate) compounds can be converted into metal sulfides at
temperatures as low as 190°C. The binary metal suifides produced are highly crystalline materials
of relatively uniform particie size distnbution. Mercury chlorothiolate compounds decompose to
form mercury sulfide if they contain organic groups which form stable radicals. otherwise, the




observation ot Hg2Cl5 is found.

Mercury chlorotriphenylthiolate, having the potential to form the most stable radical among

the presently prepared compounds, is instable at ambient temperature and is converted into
crystalline mercury sulfide at 25°C.
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